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® Mode converter for converting a fraction of one guided mode of an optical signal in an incoming optical 
waveguide section (A) into another guided mode in an outgoing wave-guiding section (C) by means of a periodic 
coupling between both guided modes in an intermediate optical waveguide section (B). The intermediate section 
(B) has a periodic geometrical structure as a result of an N-fold periodic sequence of two light-guiding 
subsections (P, Q) within a period length (Lp + Lq). The sequence can be obtained by arranging for the 
waveguide profiles of the subsections to differ from one another, preferably as a result of differences in width. 
The sequence can also be obtained by offset joining of the two subsections with the same waveguide profiles. 
Advantages are: the high degree of integrability, the ability to co-integrate a laser light source in an optical 
section of a coherent optical receiver and the achievement of a new integrated design of such an optical section, 
which design is free of metallized elements. 
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A. Background of the invention 



1 . Field of the invention 

5 The invention is in the field of the conversion of guided modes of light waves in integrated optical 

components. More particularly, the invention relates to a mode converter based on the principle of periodic 
coupling between guided modes of a light wave propagating in a channel-type optical waveguide. In 
addition, the invention relates to an optical input section for a coherent optical receiver in which such a 
mode converter is used. 

10 

2. Prior art 

in a coherent optical receiver such as can be used in a coherent optical network, a laser is usually 
incorporated as local oscillator. The light from said laser is mixed with an optical signal received from such 

15 a network by the receiver. Since the light transmission through the network is generally not polarization- 
preserving, the polarization of the optical signal received is undefined. The optical signal received is 
therefore first split into two polarization components TE and TM, which are then processed separately. This 
is done by mixing with the light of the local oscillator either directly before or directly after splitting. This 
technique is known by the term polarization diversity'. This means, however, that the light of the local 

20 oscillator must also contain both polarization components In order to have mixing components which 
correspond in polarization with the two polarization components of the optical signal received. A laser which 
is standard in this connection and has a wavelength of the emitted light in the near infrared transmits, 
however, only TE-polarized light. To obtain the other polarization component consideration could be given 
to tilting the laser through a suitable angle. However, in an integrated design of the coherent optical 

25 receiver, in which the laser is co-integrated, tilting the laser is troublesome, if not impracticable. It is 
therefore first necessary to convert a portion of said TE-polarized light into TM-polarized light with the aid of 
a polarization converter or rotator. A polarization converter is understood as meaning a device with which a 
known portion of one polarization component, TE or TM, in the optical signal at the input of said device is 
converted into the other polarization component TM or TE respectively, at the output, with a well-defined 

30 phase with respect to the one polarization component. A polarization rotator is such a type of device in 
which, however, a phase shift is uncontrolled. Such TE/TM polarization converters and rotators are known 
per se. for example from references [1], [2] and [3] (see under D.). Reference [1] discloses a polarization 
converter for optical waves which is able to convert any input polarization into any desired output 
polarization. This known converter comprises a polarization rotator sandwiched between two phase shifters. 

35 Both the phase shifters and the polarization rotator are based on electro-optical modification of the 
propagation of the TE component and the TM component. The actual conversion of a fraction of the one 
component into the other component (TE — TM) with identical intensity takes place in the polarization 
rotator. In this connection, use is made of a periodic electrode structure provided over a suitably chosen 
length on top of an optical waveguide in order to bring about a periodic coupling between the two 

40 polarization components using suitably chosen, adjustable control voltages. As a consequence of a 
repeated coupling of this type, it Is possible, depending on the chosen control voltage, cycle length and 
number of couplings, to convert a desired portion of the one component into the other. The polarization 
converters known from the references [2] and [3] also make use of the principle of periodic coupling 
between the two polarization components in an optical waveguide on the basis of electro-optical effects with 

45 the aid of a periodic electrode structure. Reference 9 discloses a fiber-optical analog of the polarization 
converter according to reference 2, based on birefringence due to mechanical stress effects. A periodic 
coupling is achieved in said analog by bringing about a periodic mechanical pressure in the longitudinal 
direction on a monomodal birefringent fiber or a bimodal fiber using a comb-type pressure device, the 
transverse pressure exerted by the latter on the fiber being capable of being controlled piezoelectrically. 

50 These known converters have the great advantage of electrical controllability, and they are consequently 
widely applicable, even in the case indicated above. However, they have the drawback that in applications 
In which a fixed fraction always has to be converted, such a controllability Is In fact superfluous, and 
therefore makes a circuit such as the abovementioned coherent optical receiver unnecessarily complicated 
and makes the integrabllity thereof difficult. 

55 

B. Summary of the invention 



The object of the invention is to overcome the abovementioned drawback. In this connection it makes 
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TABLE 2 

30 

TABLE 2 shows which mode conversions can be achieved with a channel-type waveguide structure as 
shown In FIG. 1 . The ditto marl< "indicates that the sanne item Is meant as in the row above. Each row in the 
table is interpreted in the following way. A guided mode entering via the Input section A referred to or ditto- 

35 marked in the first column under m = 1, is converted into the guided mode referred to or ditto-marked in the 
second column next thereto under m = 2 if the wave-guiding sections P, Q, A and C are of the type 
mentioned in the third column next thereto and are symmetrical or asymmetrical in accordance with the 
descriptions in the corresponding columns. Thus, for example, the seventh row means that the mode TEoo 
in a bimodal channel-type waveguide (indicated by bimod) having symmetrical subsections P and Q 

40 (indicated by sym) can be converted into the TMoi mode, it being possible for the section A and the 
section C to be symmetrical or asymmetrical (indicated by (a)sym). Furthermore, the 4th, 5th and 6th row, 
read in combination, indicate that in a monomodal waveguide (indicated by monomod), at least one of 
whose subsections P and Q is asymmetrical, the mode TEoo can be converted into the mode TMoo. 

If the mode converter is one which converts a guided mode of the zero-th order into a guided mode of 

45 the first order, the wave-guiding section A can be monomodal, while the section P and Q are bimodal. 
Preferably, a tapered piece is then provided between section A and the first section P, which tapered piece 
forms a gradual transition from monomodal to bimodal without a coupling such as that in the transition 
between the sections P and Q being able to occur. 

In view of the reciprocal nature of the coupling mechanism underlying the mode conversions, TABLE 2 

50 remains completely valid if the items of the columns m = l and m = 2 are interchanged. This is indicated in 
the last line of the table by m = 2 and m = 1 , respectively, underneath the first and second column. 

In FIG. 1. the various wave-guiding sections A, P, Q and C are shown with different cross section. This 
is purely symbolic in order to indicate that their waveguide profiles may differ. Although differences of this 
type can often easily be achieved by such differences in cross section, they may also be obtained in other 

55 ways. In addition, if one of the subsections is symmetrical, the waveguide profile of said subsection and the 
waveguide profiles of the sections A and C can be chosen to be identical. 

Each converter according to TABLE 2 having a structure according to FIG. 1 can easily be implemented 
in integrated form, for example on the basis of In P. FIG. 2 shows a cross section of a channel-type 

6 

OCID: <EP 0513919A1J_> 



■ 

t t 



EP 0 513 919 A1 

degree of coupling, that is to say, the fraction of the power of a guided nnode upstreann of the transition 
which Is converted into one or nnore guided nnodes downstream of the transition, can be calculated by 
means of the integral of the scalar product of the (modal) field vectors upstream and downstream of the 
transition (see equation (8.6) in reference [4]). This theory is generally applicable to any transition from one 

5 channel-type conductor into another in a sequence of two or more channel-type waveguides having different 
modal field profiles. But not every coupling between guided modes upstream and downstream of the 
transition is readily possible. From TABLE 1 it follows, for example, that, in a succession of two symmetric 
monomodal waveguides, no conversion of the TEoo mode to TMoo mode or vice versa can take place since 
these two modes have a different symmetry. In a sequence of a symmetrical waveguide with an 

10 asymmetrical monomodal one, or of two different asymmetrical monomodal waveguides, however, coupling 
will in fact take place between said TE mode and TM mode since the symmetry of the modal field vector 
components is destroyed. In a sequence of two different bimodal symmetrical waveguides a good coupling 
can take place at the transition between the TEoc and the TMoi mode, or between the TEoi mode and the 
TMoo mode and vice versa since, according to TABLE 1, the modes for each pair mentioned have the same 

75 field symmetry. The couplings mentioned between the various TE and TM modes at a waveguide transition 
of this type are, however, weak and the conversion fraction is therefore low. For applications such as, for 
example, in a coherent optical receiver, however, larger conversion fractions are necessary, in this case 
approximately 50%, than can be obtained with a single transition. Larger conversion fractions of this type 
can be obtained by making use of a periodic structure in which the desired coupling is able to repeat itself 

20 sufficiently often for the desired conversion fraction to be obtained. Since the propagation constants of the 
different modes differ to some extent in the same waveguide, the distance between two consecutive 
couplings can be chosen in such a way that a subsequent coupling takes place whenever the two modes to 
be coupled have become 1 80 * out of phase since the previous coupling. In that case a positive interference 
always occurs between the contributions of the same desired mode generated at the consecutive couplings 

25 and the contributions of the consecutive couplings will reinforce each other. With given waveguide profiles 
of the waveguide upstream and downstream of a transition, the distances between successive couplings 
and the number of repetitions for each mode pair are determined in order to obtain a desired conversion 
fraction from one mode into a certain other mode. The present coupling mechanism is therefore a selective 
mechanism. 

30 FIG. 1 shows diagrammatically in a longitudinal section a mode converter according to the invention 
made up of channel-type wave-guiding sections, viz. an input section A, an intermediate section B and an 
output section C. The intermediate section B consists of an N-fold repetition of two sequentially arranged 
wave-guiding subsections P and Q having different modal field profiles. Let the subsections P and Q have 
mode-dependent propagation constants iSpm and jSom. respectively, where the index m may have the values 

35 1 and 2. In this connection, m = 1 indicates the mode of which a fraction has to be converted and m = 2 
indicates the mode in which said conversion results. The lengths Lp and Lq of the subsections P and Q are 
determined by 

Lp = 77|)Sp,-^P2l-^ and Lq =7r|/3Qi-j8Q2|~' (1) 

40 

the number of repetitions N is determined by 
f^2 = Sin2 (2Ci2 * N) (2) 

45 where: /12 is the fraction of the intensity of the mode 1 at the transition from the section A to the first 
subsection P, which fraction is converted into mode 2 after N couplings at the transition from the N-th 

subsection Q to the section C; 

C12 =the coupling factor of the modes 1 and 2 at each P-Q and Q-P transition. 

50 
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use of the fact, known from the theory relating to glass fiber splices, such as. for example, from reference 
[4], that if. in a waveguide, an abrupt discontinuity occurs In the waveguide profile of the guide, It Is possible 
for coupling to take place between a guided mode In the guide upstream of the discontinuity and any 
possible guided mode downstream thereof. A coupling of this type is, however, generally weak and the 

5 fraction of conversion of one mode to a desired one is therefore small. This fraction increases, however, if 
said discontinuity is repeated in the waveguide with a cycle which is selective for the pair of guided modes 
involved in the conversion. Making use of this, the invention provides a mode converter for the conversion 
of a fraction of a signal component of an optical signal propagating according to a first guided mode into a 
signal component propagating according to a second guided mode, comprising a channel-type waveguide 

10 in which a periodic coupling between the two guided modes of an optical signal propagating in the 
waveguide takes place, which waveguide comprises an incoming wave-guiding section, an intermediate 
wave-guiding section and an outgoing wave-guiding section, characterized in that the intermediate wave- 
guiding section has a periodic geometrical structure consisting of a periodic sequence of two wave-guiding 
subsections within a period length, the lengths of the subsections and the number of periods being matched 

75 to the desired conversion fraction. The invention makes it possible to model a specific converter having a 
desired conversion fraction for every specific pair of guided modes, that is to say an incoming and an 
outgoing mode, by suitable choice of the waveguide profiles of the subsections, of the lengths and the 
number of repetitions of the subsections and the manner in which the subsections join one another. The 
conversion principle of the invention is wavelength-selective, the selectivity increasing as the number of 

20 repetitions increases. The invention is very suitable for application in integrated components. It makes it 
possible to co-integrate a local light source in a simple way into an integrated design of an optical input 
section of a coherent optical receiver based on polarization diversity. 

Reference [8] discloses another specific polarization rotator based on a waveguide of the rib type in 
which a periodic asymmetric disturbance is provided by means of a periodic asymmetrical loading of the rib 

25 over a certain coupling length. 

Optical input sections of a coherent optical receiver based on polarization diversity are disclosed per se, 
for example, by reference [5] and [6]. By applying mode converters according to the invention, a design of 
an optical section of this type is possible in which the use of metallized elements can be avoided. Such 
elements are usually necessary in the polarization splitters used in optical sections of this type. The 

30 invention therefore also relates to an optical input section for a coherent optical receiver based on 
polarization diversity, comprising mixing/splitting means for the polarization-independent equal mixing of a 
first optical signal received via an incoming optical channel and containing polarization modes (TE, TM), 
and a second optical signal originating from a local light source and containing polarization modes (TE, TM) 
and then splitting equally in terms of power Into first and second mixed signals having two polarization 

35 modes, first and second splitting means for the respective splitting up of the two polarization modes present 
in the first and second mixed signals into separate optical signals, each having one of the two polarization 
modes, for presentation to equally as many outgoing optical channels, characterized in that first and second 
conversion means are furthermore provided for converting at least a fraction of one of the two polarization 
modes into a guided mode different in order from that in which both the polarization modes mentioned 

40 propagate in the first optical signal and the second optical signal, respectively, in that the mixing/splitting 
means comprise a multimode power coupler, and in that the first and second splitting means are mode 
splitters. 
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The invention will be explained in greater detail by means of the description of a number of exemplary 
embodiments in which reference is made to a drawing wherein: 



FIG. 1: 
FIG. 2: 

FIG. 3: 



FIG. 
FIG. 
FIG. 
FIG. 



4 
5 
6 
7 



diagrammatically shows a mode converter according to the invention in a longitudinal section; 
diagrammatically shows an optical waveguide of the rib type in cross section suitable for a 
mode converter according to FIG. 1; 

shows a block diagram of a known optical input section of a coherent optical receiver in which 
mixing precedes splitting; 

shows the same as FIG. 3, wherein splitting precedes mixing; 

shows a combined mode converter/splitter according to the invention in longitudinal section; 
shows a block diagram of an optical input section according to the invention, 
shows the same as FIG. 4. 



20 E. Description of exemplary embodiments 



Two polarized modes are able to propagate in a monomodal channel-type (optical) waveguide in an 
isotropic medium, such as. for example, in InP or in a standard monomodal optical fiber. These modes can 
be referred to as TE (transverse electric) and TM (transverse magnetic). This terminology is in fact 

25 misleading since said modes cannot be described by a single electric or magnetic field component. In a 
description of these guided modes, all three electric and al! three magnetic field vector components must 
always, after all, be included. Nevertheless, it is the case that, with a choice of an orthogonal axial system 
which is standard In Integrated optics, the TE mode is dominated by the Ey component and the Hx 
component, and the TM mode by the Ex component and the Hy component. In this connection, the z-axis 

30 indicates the propagation direction, and the x-axis is usually chosen perpendicular to the slab-type 
substrate. Waveguides of this type are, moreover, usually symmetrical with the xz plane as the plane of 
symmetry as a result of the nature of the known integration techniques. For a channel-type waveguide in a 
standard optical fiber, any plane through the z-axis is a plane of symmetry. This symmetry manifests itself, 
in even ( + ) or odd (-) form, in the field vector components of the guided modes. For the various modes, 

35 this even or odd symmetry is shown in TABLE 1. 



40 


mode TEqq 
field vector 
component 


TEoi 


™00 








+ 


+ 






• 1 ^ 












+ 


+ 














45 




+ 


+ 












+ 



TABLE 1 

60 

Waveguide profile of a channel-type waveguide is understood as meaning the geometry of the section 
of the guide, including the optical properties of the wave-guiding medium and its surroundings. From the 
theory relating to optical fiber splices It is known, for example from reference (4], that If an abrupt transition 
from one waveguide profile to another waveguide profile occurs in a waveguide, it is possible for coupling to 
55 take place between a guided mode in the guide upstream of the transition and any possible guided mode in 
the conductor downstream of the transition. In this connection, coupling with radiation modes is in principle 
also possible. However, it Is assumed that the transitions referred to In this connection are such that the 
coupling to radiation modes can be neglected and can therefore be left out of consideration here. The 
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waveguide having a rib structure. A substrate 1 of InP having a refractive index n^ supports a light-guiding 
film 2 of InGaAsP having a refractive Index n2 somewhat higher than ni , and a buffer layer 3 of InP thereon, 
again having a refractive index ni . Said buffer layer 3 is provided with a rib 4 having a rectangular cross 
section, height h and width d of the same material for example obtained from the buffer layer by recessing 

5 with the aid of etching techniques. The waveguide formed under a rib having a rectangular cross section of 
this type in an isotropic medium is a symmetrical one. The waveguide becomes an asymmetric one by 
destroying said symmetry, for example by removing a small corner 5 in the right upper corner from the 
rectangular cross section over the length of the waveguide, for example by an additional etching operation. 
By providing, in the same but mirror-image way, the asymmetry in the cross section, instead of at the rlght- 

10 hand side, at the left-hand side, that is to say, in this example by removing an equally large small corner 6, 
an asymmetrical waveguide is also obtained, but with an opposite symmetry. If the same but mutually 
mirror-image symmetry is provided in the cross section both on the right and on the left, that is to say by 
removing both a small corner 5 and a small corner 6, a symmetrical waveguide is again obtained, but with a 
wave-guide profile different from the waveguide having the original rectangular cross section. Instead of 

75 removing material, the same effects can, of course, be obtained by growing on material. As a result of a 
suitable choice of the width d, the waveguide becomes monomodal or bimodal. Different symmetrical 
waveguides can also be obtained by a small variation in the width d, in which case the mode type of the 
waveguide does not change. An asymmetry to be provided must also be such that the mode type of the 
waveguide does not change, but this Is not, however, critical. 

20 At a transition In a sequence of wave-guiding sections, however, the concept of asymmetry is relative. A 
transition between two sequentially arranged symmetrical sections, of which the plane of symmetry of the 
section is offset downstream of the transition with respect to the plane of symmetry of the section upstream 
thereof Is nevertheless a transition from a symmetrical to an asymmetrical guiding section for a guided 
mode. This applies both to symmetrical sections having identical waveguide profiles and to symmetrical 

25 sections having different waveguide profiles. This means that a symmetrical wave-guiding section having an 
asymmetrical narrowing or widening with respect to a symmetrica! wave-guiding section preceding it also 
provides a symmetry/ asymmetry transition. This corresponds, however, to an asymmetry obtained, 
respectively, by the removal or the growth of a small corner 5' having the same height h as the rib 4. A 
separate etching operation is, however, no longer necessary for a removal of this type. 

30 All the modifications required for a specific mode converter can be provided simply and with the 
required accuracy on a waveguide of this type having a rib structure with existing etching techniques by 
suitable choice of the masks to be used in the process. Of course, other waveguide structures standard in 
integrated optics can also be used for this purpose. More generally still, any mode converter from TABLE 2 
can be produced by simple modifications to any single channel-type waveguide with the aid of known 

35 integration techniques. 

Example 1: 

According to TABLE 2. a TEoo-^TMoo converter can be produced with the aid of monomodal waveguide 
40 sections. For a rib-type waveguide as described above on an InP substrate, ni =3.209, and a film of 
InGaAsP. n2 =3.325, film thickness O.SOjxm, buffer layer thickness O.IOum, rib height (above the buffer 
layer 3) 0.45um, rib width must be chosen d = 2.0um (monomodal!), Lp » Lq = approximately 80 urn. The 
refractive indexes ni and n2 and the lengths Lp and Lq of the subsections apply to optical signals having a 
wavelength of 1,3um. The sections A and C are symmetrical and have the same waveguide profile. If one of 
45 the two subsections is asymmetrical, for example the section P, as a result of removing a small corner 5 
having a height of 0.23um and a square cross section, and the other symmetrical, for example having the 
same modal field profile as the sections A and C, the calculated coupling factor is C12 = 3.4''l0-3 for the 
coupling between the modes TEoo and TMoo. To obtain a conversion of 50%, the fraction fi2 must be = i- 
This is achieved, according to equation (2) if 2Ci2*N = ^tt, that is to say if the number of periodic 
50 repetitions of the coupling N = 116. The total length of the section B is then approximately 18.5 mm. If the 
subsection Q is also made asymmetrical, with an asymmetry equal to but the mirror Image of that of the 
subsection P, the coupling factor doubles as a result, so that the number of couplings, and consequently the 
length of the section B. can be reduced to half. For a 100% conversion, the number N has to be doubled. 

55 Example 2 

According to TABLE 2, a TMoo-*TMoi converter can be constructed with the aid of bimodal waveguide 
sections. This type of mode converter has been designed with the aid of a calculation method known under 
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the name Effective Index Method. Fora rib-type waveguide as described above on an InP substrate. ni = 
3.1754, and a film of InGaAsP, n2 = 3.4116, film thickness 0.473 urn. buffer layer thickness 0.304 um, rib 
height (above the buffer layer 3) 0.200 um, rib width d = 8.5 um (bimodal!), Lp must be chosen = Lq = 387 
um. The refractive indexes ni and 02, and the lengths Lp and Lq of the subsections are given here for 
5 optical signals having a wavelength of 1.5 um. The two subsections are symmetrical and have the same 
waveguide profile. The subsections P and Q are connected in sequence in the longitudinal direction 
alternately offset to the left and to the right with respect to one another, the offset always being 0.56 um. 
The calculated coupling factor C12 = 0.131 for the coupling between the TMoo and TM01 modes. To obtain 
a conversion of 100%, at least with sufficient accuracy, a total of 12 sections are sufficient The attenuation 

70 occurring in the process is calculated to be < 0.1 dB. The total length of the converter is approximately 4.7 
mm. If the section A is monomodal, at least for the TM polarization, for example having a rib width of 4.3 
um, a tapered piece must be included between the section A and the first subsection P of the intermediate 
section B to achieve a gradual transition from a monomodal to a bimodal waveguide. The section C may be 
a direct continuation of the last subsection P or Q. 

76 with the aid of FIG. 3 to 6 inclusive, some applications will be explained below of the mode converters 

described above In two types of optical Input sections, known per se, for a coherent optical receiver 
operating on the basis of polarization diversity. 

FIG. 3 shows a block diagram of a first type of the known optical Input sections in which mixing 
precedes splitting. This section comprises a mixer 1 1 having an Input optical channel a for any light signal 

20 to be detected, that is to say with an unknown TE/TM polarization distribution, and an input optical channel 
b for a light signal having a 50% TE/TM polarization distribution originating from a local light source 12. The 
mixer 1 1 distributes a signal it has mixed equally in terms of power over two optical channels c and d. Then 
each of the signals obtained on these outputs is split with the aid of TBTM polarization splitters 13 and 14 
known per se. and the signals split in this way are presented at outgoing optical channels e. f, g and h of 

25 said splitters for further processing. All the optical channels are in principle monomodal. A 3dB power 
coupler Is known as mixer. The local light source 12 is preferably co-integrated in an integrated form of an 
optical input section of this type. If said light source 12 Is a laser, it can only provide one state in which a 
light signal it emits via a optical channel j contains only one polarization component. Thus, the light signal of 
a co-integrated laser standard in integration on the basis of InP and having light in the near infrared contains 

30 only the TE polarization component. This means that a mode converter has to be incorporated between the 
output of the light source 12 and the input optical channel b of the mixer 11 for a partial polarization mode 
conversion, in this case 50%. Since both the optical channel j and the optical channel b are monomodal, a 
50% TEoo-^TMoo mode converter 15 according to the invention can be chosen for this purpose. 

FIG. 4 shows a block diagram of an optical input section in which splitting precedes mixing. A light 

35 signal received via the input channel a is now first presented to a TE/TM polarization splitter 21. Signals 
split as a result in polarization mode, TE and TM, are presented via optical channels k and 1 to different 3dB 
power couplers 22 and 23, respectively, for mixing with light signals, corresponding in polarization mode, 
presented via optical channels m and n and originating from the local co-integrated light source 12. 
Between the output optical channel j of the light source 12 and the optical channels m and n a combined 

40 mode converter/ splitter 25 has been included for this purpose. All the optical channels a, e to h Inclusive, 
and j to n inclusive are again monomodal. More generally, a combined mode converter/splitter 25 has the 
function of sending a converted signal fraction which has been split off from the remaining unconverted 
signal to a separate output. A mode converter/splitter of this kind is shown in detail in FIG. 5 and is made 
up of three sections, viz.: 

45 - a tapered piece 25.1 for converting the monomodal optical channel j into a bimodal optical channel, 

- a TXoo-^TYoi mode converter 25.2 according to TABLE 2, TX and TY each representing one of the 
two polarization modes TE and TM, and 

- a mode splitter 25.3; for this purpose, a splitter can be used which is based on a monomodal 
asymmetrical branching of a bimodal waveguide, that is to say. with a continuation in two monomodal 

50 branches having different propagation constants, such as is disclosed, for example, by reference [7] 

(more particularly. Fig. 2(a)). In a splitter of such a type, a first-order guided mode upstream of the 
branching is completely converted into a zero-order guided mode of the branch having the lowest 
propagation constant, while the zero-order guided mode upstream of the branch propagates in the 
branch having the highest propagation constant. A mode splitter of this type can be used here 

55 because the converter 25.2 preceding it delivers an optical signal in which the TX polarization mode 

propagates exclusively as a zero-order guided mode and the TY polarization mode propagates 
exclusively as a first-order guided mode. The advantage of this type of mode splitter is that it does 
not contain any metallized waveguide(s), this being in contrast to the polarization splitters usually 
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used. Use of metallized elements In an Integrated optical design requires, after all, additional 
measures to prevent interfering effect on surrounding optical components. If a 100% TXoo— TXoi 
converter is chosen as mode converter 25.2 in a combined mode converter/splitter of this type. TX 
again standing for one of the two polarization modes, a polarization splitter is obtained which also has 
5 no metallized elements. The combined mode converter/splitter 25 may be used in the optical input 

section according FIG. 4 if the mode converter 25.2 incorporated therein is a 50% TEoo-*TMoi mode 
converter, proceeding from the assumption that again only the TE polarization mode is presented at 
the optical channel j. FIG. 6 shows a block diagram of an optical input signal which can be 
implemented completely without such metallized elements. Just as in the optical input section 
70 according to the block diagram of FIG. 3, the mixing takes place here prior to splitting. The essential 

difference is, however, that the mixing takes place at multimodal level with the aid of a mixer 31 of the 
multimodal 3dB power coupler type having bimodal input channels p and q and bimodal output 
channels r and s. To distinguish them from the monomodal optical channels, said bimodal optical 
channels are shown thickened in the figure. As splitting means, mode splitters 32 and 33 of the same 
15 type as the mode splitters 25.3 (see FIG. 5) may be used if it Is ensured that, in the optical channels r 

and s, and therefore also in the optical channels p and q, the two different polarizations TE and TM 
exclusively propagate in mutually different orders of guided mode, on an equal basis in each of the 
optical channels p to s inclusive. For this purpose, a 100% TMoo-^TMoi converter 34 is incorporated 
between the monomodal input channel a and the bimodal input channel p. and a 50% TEoo-*TMoi 
20 converter 36 is incorporated between the monomodal optical channel j for guiding the optical signal 

originating from the light source 12 and the bimodal input optical channel q of the mixer 31. Both 
converters 34 and 36 have again been chosen in accordance with TABLE 2; and each of said 
converters should also be preceded by a tapered piece such as 25.1 from FIG. 5. The outgoing 
optical channels e to h Inclusive are identical to those in FIG. 3 and are therefore provided with 
25 corresponding letters. 

FIG, 7 shows a block diagram of an optical input section in which splitting precedes mixing, said input 
section being a variant of and being capable of being represented by the same block diagram as the input 
section according to FIG. 4. An optical signal received via the input channel a is now first presented to a 
combined mode converter/splitter 41 having outgoing monomodal optical channels and V of the same 
30 type as the mode converter/splitter 25 described above (see FIG. 5), in which the mode converter (25.2 in 
FIG. 5) is a 100% TMoo-^TEoi mode converter. As a result, signals having the polarization mode TE are 
presented via both the optical channels k' and T to different 3dB power couplers 42 and 43, one of said 
signals corresponding to the converted TM component of the signal received via the input channel a. The 
optical signal from the light source 12, which also has the polarization mode TE, is now fed via the output 
35 optical channel j of the light source 12 to the input of a symmetrical Y splitter 44 and is presented to the 
power couplers 42 and 43 after being distributed in terms of power over outgoing monomodal optical 
channels m' and n'. In this variant, signals exclusively having the polarization mode TE are presented for 
further processing on the outgoing optical channels e\ f, g' and h'. The advantages of this variant are that 
optimization is required only for one polarization mode on integration and that, just as in the input section 
40 according to FIG. 6, no polarization splitters provided with metal elements are again needed in this case. In 
addition, a further advantage Is that the Y splitter 44 is much easier to construct than the polarization- 
converting and splitting components which are necessary immediately downstream of the local oscillator 12 
in the other variants according to RG. 3, FIG. 4 and FIG. 6. 

45 Claims 

1- Mode converter for the conversion of a fraction of a signal component of an optical signal propagating 
according to a first guided mode into a signal component propagating according to a second guided 
mode, comprising a channel-type waveguide in which a periodic coupling between the two guided 
50 modes of an optical signal propagating in the waveguide takes place, which waveguide comprises an 
incoming wave-guiding section, an intermediate wave-guiding section and an outgoing wave-guiding 
section, characterized In that the intermediate wave-guiding section has a periodic geometrical structure 
consisting of a periodic sequence of two wave-guiding subsections within a period length, the lengths of 
the subsections and the number of periods being matched to the desired conversion fraction. 

55 

2. Mode converter according to Claim 1, characterized in that a period length comprises a first subsection 
having a first asymmetrical waveguide profile and a second subsection having a second symmetrical 
waveguide profile. 
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3. Mode converter according to Claim 2, cinaracterized in that the waveguide profiles of the second 
subsection and the Incoming wave-guiding section are essentially the same. 

4. Mode converter according to Claim 3, characterized in that the subsections are monomodal. 

5 

5. Mode converter according to Claim 3, characterized in that the subsections are bimodal, 

6. Mode converter according to Claim 1, characterized in that a period length comprises two subsections, 
each having an asymmetrical waveguide profile. 

10 

7. Mode converter according to Claim 6, characterized in that the subsections are monomodal. 

8. Mode converter according to Claim 6, characterized in that the subsections are bimodal. 

75 9. Mode converter according to Claim 6, characterized in that the waveguide profiles of the two 
subsections have a mutually opposite asymmetry. 

10. Mode converter according to Claim 1, characterized in that a period length comprises two subsections, 
each having a symmetrical waveguide profile. 

20 

11. Mode converter according to one of the preceding claims, characterized in that the periodic geometrical 
structure is obtained essentially as a result of differences in width between the wave-guiding sub- 
sections. 

25 12. Mode converter according to Claim 1. characterized in that the period length comprises two sub- 
sections having the same waveguide profile, which subsections join one another in the periodic 
sequence in an offset manner. 

13 Optical input section for a coherent optical receiver based on polarization diversity, comprising 
30 mixing/splitting means for the polarization-independent equal mixing of a first optical signal 

received via an incoming optical channel and containing polarization modes (TE, TM), and a second 
optical signal originating from a local light source and containing polarization modes (TE. TM) and then 
splitting equally In terms of power into first and second mixed signals, 

first and second splitting means for the respective splitting up of polarization modes present in the 
35 first and second mixed signals into separate optical signals for presentation to equally as many 

outgoing optical channels, characterized in that first and second conversion means are furthermore 
provided for converting at least a fraction of one of the polarization modes Into a guided mode different 
in order from that in which the polarization modes mentioned propagate in the first optical signal and 
the second optical signal, respectively; 
40 in that the mixing/splitting means comprise a multimode power coupler; and in that the first and second 
splitting means are mode splitters. 

14. Optical input section according to Claim 13, characterized in that the local light source Is co-integrated, 
and in that tlie first conversion means comprise a 100%TMoo-^TMoi converter according to TABLE 2, 

45 and the second conversion means comprise a 50% TEoo~*TMoi converter according to TABLE 2. 

15. Combined mode converter/splitter for converting a fraction of a first signal component of an incoming 
first optical signal propagating in a first polarization mode (TE or TM) into a second signal component 
propagating in a second polarization mode (TM or TE). and the emission of second and third optical 

50 signals respectively via outgoing second and third monomodal optical waveguides, the second optical 
signal essentially containing the second signal component and the third optical signal essentially 
containing the ijnconverted part of the first optical signal, which converter/splitter consecutively 
comprises between the first optica! waveguide and the second and third optical waveguides: 

- a tapered piece for the transition of a monomodal to a bimodal optical waveguide, 

65 - conversion means for converting at least a fraction of the first signal component into a guided 

mode differing in order from that In which the first signal component propagates in the first optical 
signal on leaving the tapered piece, and 

- a mode splitter. 
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16. Combined mode converter/splitter according to Claim 15, characterized in that the conversion means 
comprise a 50% TEoc-^TMoi converter according to TABLE 2. 

17- Combined mode converter/splitter according to Claim 15, characterized in that the conversion means 
5 comprise a 100% TMoo-^TEoi converter according to TABLE 2. 

18- Combined mode converter/spJitter according to Claim 15, characterized in that the conversion means 
comprise a 100% TXoo-*TXoi converter according to TABLE 2, TX representing one of the two 
polarization modes TE or TM. 

70 



75 



20 



25 



30 



35 



40 



45 



50 



55 



11 

X;iD:<EP ^0S13919A1 t > 



f 



EPO 513 919 A1 



B 




FIG. 2 



051391 9A1 I > 



12 



EP 0 513 919 A1 



e 



12 




15 


/ 



J 



7 
b 





\ 


la 






11 








14 




/ 



f 



1 

1 

1 
\ 



FIG. 3 



1 



12 



7 




FIG. 4 



25.1 



25.2 



25.3 



7 



T — r 



J L 




FIG. 5 



XID:<EP 0513919A1 I > 



13 



EP 0 513 919 A1 




P513919A1J_> 



14 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nimbtf 



EP 92 20 1338 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



CkadoB of dooimmt wkta 

•r 



imiirorion, where ^qiropriate^ 



to daim 



O ASSIFICATION OF THE 

appucahon ant. cls > 



lEE PROCEEDINGS A. PHYSICAL SCIENCE. iCASUREMEMT 
& 

vol. 132. no. 5. October 1985, STEVENAGE 6B 
pages 277 - 286; 

R. C. YOUNGQUIST ET AL. : » All-fibre components 
using periodic coupling' 

* the whole docunent * 

US-A>4 3S9 260 (F.- K. REIMIART) 

* column 2, line 49 - coluam 6. line S4; figures 
1-4 * 

Proceedings of the ECI0*87, Glasgow 
p. llS-118 

H,-P, Nolting et al. : 

former with reset-free optical operation for mo- 
nolithic Integrated optics 

EP-A-0 277 427 (BRITISH TEI-ECOr«UNICATIONS PLC.) 

* the whole document * 

EP-A-0 310 174 (PHILIPS) 

* column 4, line 36 - column 10, line 47; 
figures 1-6 * 



1.13.15 



G02B6/14 
G02B6/12 
G02B6/10 



1.13,15 



1.13.15 



1.13,15 



1.13.15 



TECHNICAL FIELDS 
SEARCHED (lat. CLS ) 



G02B 
H04B 
H04J 



The present search report has been drawn up for all chums 



THE HAGUE 



Oits of cD^tatin of Ob 

05 AUGUST 1992 



SARNEEL A P. 



o 

o 



CATEGORY OF CITED DOCUMENTS 

X : pvticnimrly rdevBBt if talicn alcMie 

Y : particularly rdovant if combiaod with anntbor 

tocunokt of tlie same caicgoiy 
A : technological back{roiioi 
O : Don-inittfn tfisdosure 



T : theory or prindple uoterlying the iaventkm 
E : earlier patent doGumeot, but publisbed oa, or 

rfter the fiUiig date 
D : docunait dtod in the applkatioD 
L : document dted for otbo' reasons 



mcnbo' of the same patent fuaily, 
document 



OCID: <EP 0513919A1_L> 



